Introduction
Photoelectron spectroscopy has become a stan- 
Experimental
Unlike electron impact ionization, photoionization produces only a small number of known electronic states of the molecular ion. That is because photon energy does not have to exceed the required energy needed for the production of the fluorescing state. The He I resonance line produces various known fluorescing ionic states of diatomic molecules. Their photoionization cross section at 21.21 eV is large enough to garantee sufficient ion intensity necessary for the experiment. The He I resonance line can be produced without the need for a monodiromator in a microwave discharge. Whereas in the present experiment relatively many photons of 21.21 eV reach the reaction chamber (1.5 xlO 12 photons/s), intensity is negligibly low for other emission lines such as the Hell resonance line (A = 304 Ä ^ 40.41 eV) or further lines of the He Lyman series (537 Ä ^ X 504 Ä). The microwave discharge is operated at 100 W, 2450 mc and at a gas pressure of 1 Torr. Figure 1 shows a block diagram of the apparatus.
Measurements at different gas pressures are needed for the determination of the deactivation cross sections. These measurements in turn need an absorption path which is well defined both in respect to length and pressure. Therefore a window of thin uv-transmitting collodium film separates the light source from the absorption, fluorescence and collisional deactivation cham- ber. The average thickness of the film was found gravimetricly to be 150Ä±10Ä. It is supported by a fine nickel mesh of 85% transmittance, which is 5 mm in diameter. There is a differential pumping section between the light source and the film in order to prevent the film from being burned by the discharge, to avoid deposition of impurities on its surface and to reduce resonance absorption of the He I line. the transmission (%) of the window for uv light between 900Ä and 450 Ä. The absorption coefficients coincide with the values of LUKIRSKII, FORMICHEV, and BRYTOW 1 who measured the absorption for smaller wavelengths (Table 1) . Our experiment also requires that the film seal off the chamber tightly. At a reaction chamber pressure of 0.1 Torr no more than 10 12 par- tides per second leak through the film into the differential pumping section. The leak rate increases linearly with increasing chamber pressure up to 30 Torr. At about that pressure the film is destroyed. Leakage through the film does not influence the measurements. After about 5 hours of exposure to uv radiation the film becomes increasingly less transmitting. All series of measurements were started with unused films.
A Ni-cathode photo cell at the bottom of the chamber measures the primary radiation intensity when no absorbing gas is present (Fig. 1) . The fluorescence whidi is emitted into the direction of the analysing monochromator passes through a suprasil window and is focussed by a collimating lens system onto the entrance slit of a grating monochromator. Light which is emitted in the opposite direction also contributes to the total measured intensity through reflection at an aluminum coated concave mirror. The monochromator operates at a focal length of 0.5 m with a minimal bandwidth of 1.5 Ä. An additional suprasil lens at the monochromator exit focusses the light onto the cathode of a photomultiplier. Depending upon wavelength an EMI 6256SA or EMI 9558A was used. A high signal to noise ratio is achieved by a counting method employing a discriminator stage and a ratemeter with a recorder. The multiplier is cooled to -80 °C in order to reduce noise to 1 -3 counts per second. A separate vacuum chamber prevents the photomultiplier from frosting.
Measurement and Calibration
Photoionization produces various excited molecular ions in the reaction chamber. Due to their final lifetime, there exists a certain probability that they encounter deactivating collisions with other particles instead of loosing their excitation energy by natural fluorescence. The fluorescence signal is lowered by these deactivating collisions. The fluorescence of different excited states is measured as a function of pressure. According to STERN and VOLMER 2 the inverse fluorescence intensity per unit of absorbed radiation is plotted against pressure, normalized to unity for zero pressure. The presence of a linear dependence indicates the bimolecularity of the deactivating process. The slope equals the product of rate constant and natural lifetime. If the latter is known the rate constant (or cross section) can be calculated. FC-factors are calculated from fluorescence intensity ratios which have been extrapolated to p = 0.
The knowledge of the relative wavelength dependence D(X) of the detector system sensitivity is a prerequisite for the determination of relative fluorescence intensities. D (A) includes window transmittance, monochromator effectiveness, and photomultiplier sensitivity. It is only needed for the system as a whole, not for the individual components. In the visible and near uv region a tungsten band lamp (OSRAM) served as a standard for calibration. Down to 2300 Ä the calibrated line intensities of a Rössler Standard Lamp (Philips) 3 ' 4 were employed. Lack of calibrated lines made a different method necessary in the region of 2300 Ä to 2100 Ä. Here the transmittance of the windows and the sensitivity of the photomultiplier is taken from manufacturer's data. The transmission of the monochromator with the collimating lens system was found by moving both pieces in and out of a path of light which passed through a second static mnochromator tuned to the same wavelength.
The entrance slit is adjusted so that the ionizing radiation is parallel to it and passes in front of it. With increasing gas pressure the absorption of light is concentrated close to the point where the light enters the chamber (exponential law). Correspondingly the origin of fluorescence also is increasingly concentrated around there. Since this concentration results in uneven illumination of the entrance slit, it is necessary to measure the degree to which detector system sensitivity is dependend on the source of the fluorescence. This has been accomplished with a movable point light
Franck-Condon-Factors
If some approximations are accepted, FC-factors can be employed for the description of transition probabilities of diatomic molecules 5 . So the electronic part of the transition moment Re is taken to be independent of the internuclear distance r. Also the influence of rotation upon FC-factors is normally assumed to be negligible. It is in fact very small for CO, N2, and 02 6 due to the small rotational constants.
The sum rule for the FC-factors qv'v" requests
All FC-factors belonging to a common upper or lower vibrational level add up to unity. The fluores- qv' is thus
These values qv' will be compared with results of photoelectron spectroscopy experiments which also employ a He I resonance line light source. strong and is thus not affected by a small component originating from the cascade.
The Comet-tail system CO + A -> X extends from 2300 Ä to the infrared. 75% of the total emission intensity lies outside the range of the detector system sensitivity. Therefore the values in Table 6 are energy. Mostly the transitions with the longer wavelength, namely 2 i?3/2 are more intensive than those corresponding to 2 i7i/2 2 ^1/2 . The emission intensities shown in Table 6 are based upon the total intensities integrated over both transitions.
Deactivation Cross Sections
Determination of FC-factors is falsified if the primary population of excited states is changed by secondary effects. As pointed out, cascades are one such secondary effeot, collisions of the excited particles are another. Particularly in the case of ionic species collision cross sections are expected to be large, because electric attractive forces caused by polarization play a role. The deactivation cross sections can, however, be calculated from collisional quenching, if the natural lifetime r of the species is known. Collisional processes can thus be examined for excited particles. Luminescence measurements are therefore valuable supplements to beam experiments which, because of the inherent time of flight, are restricted to non excited or at least long living particles.
Collisional deactivation cross sections were measured for the following ionic species: &A/&E=l+kcCPx/kh.
If the ion is deactivated by the parent molecule AB 
The kinetic theory expression for I is I = 0.957/1/2 n n dr.
The deviation of the numerator from unity takes into account Tail's correction 22 which has to be applied in this case. The cross section TI dr for collisional deactivation is therefore
Equation (12) Table 7 re- Table 7 . Absorption coefficients at A = 584 A. The deactivation of N2 + B-state ions in collision with N2 was already discussed in a previous publication 25 . We argued that the deactivation mecha- 
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